ABSTRACT -The data obtained from toxicity studies are examined for homogeneity of variance, but, usually, they are not examined for normal distribution. In this study I examined the measured items of a carcinogenicity/chronic toxicity study with rats for both homogeneity of variance and normal distribution. It was observed that a lot of hematology and biochemistry items showed non-normal distribution. For testing normal distribution of the data obtained from toxicity studies, the data of the concurrent control group may be examined, and for the data that show a non-normal distribution, non-parametric tests with robustness may be applied.
INTRODUCTION
Several statistical techniques, for example the ttest and variance analysis, are based on the assumption that the data show a normal distribution and homogeneity of variance. Before applying any statistical techniques, the data are examined for homogeneity of variance (Yoshimura, et al., 1992) . To check the homogeneity of variance of data, Bartlett's test is commonly used. When the data are found to be homogeneous of variance, parametric tests like Dunnett multiple comparison test or Williams test are used, whereas for the data of heterogeneous variance, a non-parametric test (rank sum test) is used. But, most of the results obtained from the toxicity studies do not show a normal distribution. In an NTP report (1997) two approaches were employed to assess the significance of pair-wise comparisons between exposed and control groups in the analysis of continuous variable. Organ weight and body weight data, which have approximately normal distributions, were analyzed using the parametric multiple comparisons procedures of Dunnett and Williams. Hematology, clinical chemistry, spermatids, and epididymal spermatozoa, which have typically skewed distributions, were analyzed using the nonparametric multiple comparison method of Shirley and Dunn. In this study, I identified the measured items obtained from a carcinogenicity/chronic toxicity study with rats that showed a non-normal distribution and suggested how to deal with such kinds of items.
MATERIALS AND METHODS
For data showing normal distribution, Kolmogorov-Smirnov, Lilliefors, Shapiro-Wilk tests, the tests for goodness of fit by the Chi-squared distribution, etc. are generally used (Muto, 2000) . In the present study, Shapiro-Wilk test (Shapiro and Wilk, 1965 , JMP version 5, SAS, USA) was employed.
RESULTS
The data for males of the concurrent control group of the above study were analyzed by ShapiroWilk test for normality. The effect of number of samples on the power of Shapiro-Wilk test for normality is given in Table 1 . The power increased as the number of samples increased.
The measured items, which showed a non-normal distribution were food consumption, hematocrit, hemoglobin, red blood cells, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelet count, alanine aminotransferase (ALT), aspartate amino transferase (AST), alkaline phosphatase (ALP), gamma glutamyl transpeptidase (gamma-GTP), potassium and free cholesterol. Additionally, absolute spleen weight, and absolute weight/body weight ratio of heart, spleen and adrenal glands also showed a non-normal distribution. It was observed that on Week 104, white blood cells (WBC), protein, glucose, triglyceride, total cholesterol, free cholesterol, NEFA, phospholipid, chloride, absolute heart, liver and adrenal weights, and absolute weight/body weight of brain and liver did not show normal distribution. Body weight, clinical test values and organ weights other than the above-mentioned almost showed the normal distribution ( Table 2) .
The items to skew to the right distribution with sharp kurtosis by non-normal distribution were the MCV, MCH, platelet, AST, ALT, ALP, Gamma-GTP, creatinine phosphokinase (CPK), protein, free cholesterol, potassium and absolute spleen weight and absolute weight/body weight ratio of heart, spleen and adrenal gland values. The items to skew to the left distribution with sharp kurtosis by non-normal distribution were the food consumption, hematocrit, hemoglobin, red blood cell and MCHC (Table 3) .
Measured parameters that showed non-normality at different weeks are given in Table 4 . It is obvious from the table that, on Week 104, more number of measured items showed non-normal distribution compared to Weeks 26, 52 or 72.
DISCUSSION
The test for homogeneity of variance is first executed by the Bartlett test in toxicity studies. But this test does not indicate that the data follow a normal distribution. In the present study, the quantitative items of F344 male rats of the concurrent control group of the carcinogenicity/chronic toxicity study were investigated. For the analysis of normal distribution, ShapiroWilk test was used. It is generally considered that red blood cell, white blood cell, platelets etc., usually show normal distribution and enzyme activities such as ALT, AST etc., show a non-normal distribution. On the contrary, in the present study, these measured items along with several others showed a non-normal distribution. The measured items in which a normal distribution was not secured were food consumption, hematocrit, hemoglobin, red blood cell, MCV, MCH, MCHC and platelet values AST, ALT, ALP and Gamma-GTP, potassium, free cholesterol, and absolute spleen weight, and weight/body weight ratio of heart, spleen and adrenal glands.
The majority of scientific papers discuss only testing homogeneity of variance and not testing normal distribution of the data. The data that show homogeneity of variance necessarily do not show a normal distri- bution. According to Finney (1995) 'Bartlett test is notorious for its unwanted sensitivity to non-normality of error distribution, and is an untrustworthy instrument for classifying some data sets as homogeneous in variance, others as heterogeneous'. Data derived from toxicity studies fall into 3 categories-1. Normal distribution with homogenous of variation (Fig. 1) , 2. Nonnormal distribution with homogeneous of variance (Fig. 2 ) and 3. Non-normal distribution with heterogeneous of variance (Fig. 3) . The present study clearly indicates that though the measured items in toxicity studies show a homogeneity in variance as per Table 3 . Distribution of measured items that did not show normality. Table 4 . Number of measured items that showed a non-normal distribution. Bartlett's test, many of them do not follow a normal distribution. I suggest that selection of a statistical tool for analyzing measured items obtained from toxicity studies must be done after giving due consideration of 1. homogeneity of variance of data and 2. normal distribution of data. Normal distribution of the data may be assessed in the concurrent control group of toxicity studies and not from the historical data. If the data of the concurrent control group show a non-normal distribution, then an appropriate non-parametric test with robustness may be chosen to analyze these data.
